INTRODUCTION
============

Cerebrovascular disease is the third leading cause of death in the United States ([@B1]) and the second leading cause in Korea ([@B2]). Approximately 88% of strokes are ischemic and about 20% of these originate from large artery stenosis ([@B3], [@B4]). To prevent ischemic stroke, carotid endarterectomy has been recommended for asymptomatic patients with severe carotid stenosis based on evidence from multicenter prospective randomized trials ([@B5]-[@B8]).

Carotid duplex ultrasonography (CDUS) is an accuracy-proven non-invasive diagnostic examination to detect asymptomatic carotid artery stenosis (ACAS). However, for the general population, CDUS has a limited role in screening of carotid disease because of a low overall prevalence of clinically relevant disease ([@B9]). Because coronary artery disease (CAD), cerebrovascular disease (CVD) and peripheral arterial disease (PAD) originate from atherosclerosis, these three diseases occasionally exist together ([@B10]). Therefore, screening CDUS may be useful for those populations. Several previous studies reported that the prevalence of ACAS was relatively high in PAD patients and the authors recommended routine CDUS ([@B11], [@B12]). For those with known transient ischemic attack or stroke within 6 months who are symptomatic should also perform CDUS. However, a generalized screening in PAD patients is controversial and the cost-effectiveness remains to be demonstrated.

In Korea, the prevalence of ACAS in PAD patients has not yet been reported. In this study, we attempted to investigate prevalence of ACAS in patients who underwent bypass surgery due to chronic lower extremity ischemia and identify predictive factors of ACAS.

MATERIALS AND METHODS
=====================

Between April 1996 and December 2008, 546 patients underwent one or more than one arterial bypass surgeries due to chronic atherosclerotic lower extremity ischemia. Among them, 409 patients underwent preoperative screening CDUS. Patients were excluded if they had a history of cerebrovascular symptoms or previous carotid surgery irrespective of time of incidence. Excluding 69 patients who had a previous history of stroke (n=61) or carotid artery intervention (n=8, 5 carotid endarterectomies and 3 carotid stentings), 340 neurologically asymptomatic patients were enrolled in this study. Medical records and findings of CDUS were retrospectively reviewed.

Duplex scan was performed by three registered vascular technologists. Duplex imaging included common carotid artery, internal carotid artery (ICA), external carotid artery and vertebral artery. Through gray-scale imaging and spectral Doppler waveform analysis, diameter reduction rate, peak systolic velocity and end diastolic velocity were measured. Degree of ICA stenosis was defined by the criteria of Society of Radiologists in Ultrasound Consensus Conference ([Table 1](#T1){ref-type="table"}). ICA stenosis ≥70% was regarded as critical stenosis. When both carotid arteries were diseased, the more stenotic site was used for statistical analysis.

To identify risk factors of an asymptomatic critical ICA stenosis in PAD patients, univariate analysis and multivariate analysis with binary logistic regression model were conducted using patient demographic (age, gender) and clinical variables (smoking, hypertension, diabetes mellitus, coronary artery disease, chronic renal insufficiency, hypercholesterolemia, claudication vs. critical limb ischemia).

RESULTS
=======

[Table 2](#T2){ref-type="table"} demonstrates patient demographic and clinical data. Mean age of the patients was 65.7 yr, ranging from 40 to 89 yr. 92.4% were males. One hundred fifty (44.1%) patients presented with infrainguinal arterial disease, 116 patients (34.1%) showed aorto-iliac disease and 74 patients (21.8%) had combined lesions. Indications for treatment included claudication (72.1%) and critical limb ischemia (27.9%) due to atherosclerotic PAD. Concomitant carotid disease according to the severity of stenosis is shown in [Table 3](#T3){ref-type="table"}.

On univariate analysis, a critical ICA stenosis was more common in old-age patients (\>65 yr old, *P*=0.013) and in patients with coronary artery disease (*P*=0.010). With regard to gender, smoking, hypertension, diabetes mellitus, chronic renal insufficiency, hypercholesterolemia, critical limb ischemia, location of lesion, there were no differences between patients with a significant stenosis and those without.

By multivariate analysis, the risk factors of a critical ICA stenosis of patients with PAD were age \>65 (OR: 2.610, 95% CI: 1.197-5.691) and coronary artery disease (OR: 2.333, 95% CI: 1.169-4.657) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

Although CDUS is the best non-invasive modality for screening of ACAS, previous studies failed to prove the benefit of screening CDUS in general population on cost-benefit analysis ([@B14], [@B15]).

There are no known data regarding the prevalence of ACAS in patients with PAD. A meta-analysis of 19 studies showed high prevalence of asymptomatic carotid artery stenosis exists in patients with PAD ([@B16]). A prevalence of \>70% ACAS was 14% and the authors suggested targeting PAD patients rather than a healthy population if routine screening is performed. In terms of risk factors of ACAS, Gentile et al. ([@B11]) reported that carotid bruit and rest pain were risk factors of ≥50% stenosis and Marek et al. ([@B12]) announced that age \>65 yr, ankle-brachial index \<0.7 and carotid bruit were associated with ≥50% stenosis.

In this study, we obtained similar results with ≥70% stenosis or occlusion being evident in 13.8%. The risk factors of ACAS were old age (\>65 yr old) and CAD. But, other atherosclerotic risk factors, such as smoking, hypertension, diabetes mellitusand hypercholesterolemia were not associated with the presence of ACAS.

In the Reduction of Atherothrombosis for Continued Health (REACH) Registry, the incidence of one-year cardiovascular events in PAD patients was higher than it is in CAD or CVD patients ([@B17]). One-year cardiovascular death, myocardial infarction or stroke rate was 5.35% for PAD patients and nonfatal stroke rate was 1.92%. Carotid endarterectomy or carotid stenting were performed for 1.53% of PAD patients within 1 yr. Sprengers et al. ([@B18]) reported that 120 events (27% nonfatal myocardial infarction, 27% nonfatal stroke, and 52% mortality from vascular cause) occurred in 800 PAD patients during a mean follow-up of 4.7 yr.

A preoperative screening CDUS provides important information of ACAS. CDUS can enable surgeons to select patients who are at high risk of stroke and offers an opportunity of more intensive management of carotid disease. Consequently it provides a better quality of life and a longer life.

Cerebral ischemia is one of the disastrous perioperative complications. Patients who have bilateral or critical carotid stenosis are vulnerable to hypotension and an episode of hypotension during operation may cause cerebral ischemic infarction in these patients. There is also a hidden risk of cerebral embolism during the placement of central venous catheter before surgery. Mispuncture of diseased carotid artery might produce free emboli which induce severe cerebral infarction. Therefore, more attention is needed for the patients with ACAS during central venous access. Moreover, if these neurologic complications occur in absence of preoperative evaluation of carotid artery disease, they might induce a legal problem of surgeon\'s negligence.

In summary, our results showed the prevalence of ACAS in Korean patients with chronic atherosclerotic lower extremity ischemia is as high as reported in Western countries. ACAS was more common in a patient who is older than 65 yr old or has concomitant CAD. Therefore, preoperative CDUS is a useful screening tool to detect ACAS and to assess perioperative risk of cerebrovascular complications in PAD patients who undergo revascularization, particularly, in patients who are older than 65 yr or have a concomitant CAD.

The major limitation of this study is a retrospective design. And this study did not include patients who underwent endovascular treatment or medical treatment because screening CDUS was not routinely performed for those patients. Further prospective study including all PAD patients is necessary.
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Duplex ultrasonography criteria for diagnosis of ICA stenosis ([@B13])
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ICA, internal carotid artery; CCA, common carotid artery; PSV, peak systolic velocity; EDV, end diastolic velocity.
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Patient demographic and clinical data
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###### 

Degree of internal carotid artery (ICA) stenosis (N=340 patients)
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###### 

Multivariate analysis of risk factor of critical (\>70%) asymptomatic carotid artery stenosis in patients with chronic lower extremity ischemia
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OR, odds ratio; CI, confidence interval.
